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ABSTRACT

The Van Atta reflector w&s.first described in a patent by Dr. L.C,
Van Atta in 1959, The advantage of this passivs reflector type should be
that the reradiated field has a maximum back in the direction of arrival
of the primary plane wave., Since this retrodirective effect of the reflee-
tor might be of great importance if used as o navigational aid in the air
or at sea, it &+ med worth while to carry out a theoretical investigation
of such reflectors, especially since only experimental investipations had
been made before this contract was initiated.

The work performed under the contract deals rainly with theorectical
and numerical investigations of Van Atta reflectors consisting of dipoles.
A survey of the literature concerning active or passive Van Atta reflectors
has been made. Both a linear and 2 two-dimensional plane Van Atta reflec-
tor has been investigated numerically and a theory for arbitrary Van Atta
reflectors has been developed. An experimental investigation of a iinear

Van Atta reflector was carried out and the results compoared with the theo-
retical results.
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1. INTRODUCTION

The contract AP 61(052)=794 was running from April 1, 1964 to June
30, 1967.

The objectives o® the contract were given as follows:

Carry out a theoretical investigation of the performance of a Van
Atta reflector and,by electronic computer calculations, to find the radia-
tion patterns of a number of such reflectors with various characteristics.
It is expected that this would lead to a procedure for the design of a Van
Atta reflector with a preécribed radiation pattern. It is the intention
first to treat the linear and two-dimensional arrey, Jaster the method of
investigation may be extended to include Ven Atta reifleectors placed on cir-
cular cylinders and spheres., Further efforts will be nade o supplement
the theoretical investigution by experiment.

In this final reprrt a summary of all the work performed under the
contract is given. Scue related work carried out at this laboretory but
not paid by the contract is described, too.

First an mualytical investigation of arbitrary Van Atta reflectors
vas carried out. Each pair of antenna elements with connecting transmis~
sion lines was described by an equivalent cirecuit, Reradiation from the
elements and mutual interaction were taken into account. Next a theoreti-
cal investigation of a linear Van Atta reflector consisting of four peral-
lel half-wave dipoles was performed. The dipole elements were equispaced
and mutual impedances between the dipoles were teken into account, An
expreassion for the reflected field was set up by superpogition of the threce
fields involved. Further an analysis of the general) shape of the reradia-
tion pattern was made neglecting the mutual impedances. This analysis
showed that for some combirations of the parameters involved the reflector
does not act as stated in the patent description of Van Atta reflectors.

An experimental investigation of the four element linear Van Atta
reflector was carried out in a radio-anechoic chamber. In agreement with
the theoretical investigation, the experiments showed that the reflector
only to a limited extent has the retrodirective effect stated in.the patent
description and that it has a mirror effect to the same extent as it has =
retrodirective efrect,

NHumericel investigations of a four element Van Atta reflector and ar
optimization of the reflector with respect to the parameters involved was
carried out using an electronic camputer. The reradiation pattern of the

reflector was optinmized with the criterium that the minimum values of the




back-scattered field intensities for all mngles of incidence should be as
large as possible,

Finally a square Van Atta reflector consisting of half-wave dipoles
vas investigated theoretically and numerically. The effect of mounting
the dipoles above and parallel to a conducting plate was also examined.
The rnutual inpedance between the dipole elements and the reradiation both
fron the elements and from the plate was taken into account. All parame-
ters involved have been varied in a numerical analysis of the reflector.
The parameters are: the number of dipole elements, the length of the
dipoles, the length and characteristic impedance of the transmission lines,
the distance between the dipoles, and the distance fron the dipoles to the
conducting plate., The effect of changing the parameters is shown in curves
of the back-scattering cross section of the reflector as a function of the
variation of each of the paremeters. The numerical results huve been
compared with experimental results obtained by others.

The last work cn the contract has been an investigstion of the band=-

width propertiec of a & by 4 element square Van Atta refluctor comsisting
of dipoles.,

.______._...—.——-——-—----—lﬂu
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2, SURVEY OF LITERATURE

8ince Van Atte 1) in 1959 proposed his passive retrodirective reflector
several papers have ouggeoted the use of this reflector type in various
cammunication systems 2) - 23). Some of the papers tend to give an analy-
tical troatment of the Van Atta reflector but most of them neglect the
scattering by and coupling between the antemnas. !fany of the papers
suggest active compoments inserted in the transmission lines of the reflec-
tor, such as modulated phase shifters 5), anplifieors 6) 10). and mechanical
modulation by means of cavity resonators 9). It has been suggested to use
Van Atta reflectors for satellite cammnication and both passive, sexipas-
sive and active systems have been proposed 6) 15) 21) 22). Other applica~
tions are for navigational aids, for exsmple used to enhance the reflec-
tion from radartergets, from lifeboats, and from aircraft NN 10). A
more detailed discussion of the literature concerning Van Atta reflectors
and their applications is given in Soiehtific Report No. 1 and by
Appel-Eansen 34) 35),




3. THEORETICAL IHVESTIGATION OF

ARBITRARY VAN ATTA ARRAYS

A general treatment which may be used for a number of different
investigations is described in Scientific Report No. 1 of the contract.

The confiruration investigated is shown in fig. 1. The elenents are sup-
posed to be dipoles, but the theory could easily be extended to other an-
tenna types. The dipoles arc placed on and parallel to an imaginary smooth
surface which may be f.ex. a plane, a cylinder or a sphere. The field
incident on the reflector is a plane wave,

The open circuit voltage induced at the terminals of each antenna
element by the primary plane wave is calculsted. Using these voltages a
system of linear equations is developed for calculating the currents in each
antenna taking intd account the mutual impedances, the characteristics of
the interconnecting transmigsion lines, and the induced voltage at the element
itself (giving the scattered field) and at its mate (giving the retrodirective
field),

When the currents are detarmined the reradiated field may be calculated.
For a reflector with all elements parallel this is dcne using the theory of
antenna arrays. Finally the properties of the reflector array are described
by caleulation of the differential scattering cross section.

The mutual impedances of the dipoles are calculated using the induced
EMF method as given in Jordan's book 38). Algol procedures for computing
the nmutual impedances between linear dipoles with sinusoidal current distri.
butions anéd for arbitrary wire~antennss with a known current distribution
has been developed at this laboratory.

The transmission lines are represented by equivalent circuits of the
genersl x=circuit type. This type of equivalent circuit has been chosen
because it has the advantage of being valid for all lengths of the trans-
mission lines., 1t is assumed to be syrmetrical and lossless.

Since both the induced voltages and the mutual impedances are complex
quantities the real matrix equation to be solved will be of the 2Nth order
vhere N is the total number of antenna elements. This means that it will be
almost necessary to use an electronic computer for solving the matrix equa~-
tion numerically when reflectors with more than two elements are treated.

A sinmple numerical example of a four element Van Atta array with equi.-
spa:ed nalf-wave dipoles is given in SR 1 in order to illustrate the theory
develcped, The numerical results indicate that a retrodirective effect as
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stated by Van Atts is obtained to same degree. However the results also

shov that the mirror effect of the reflector is of the same order of magni-

tude as the retrodirective effect. The influeance of the mutual impedauces

and of o nismatch between the antenns elements and the transmission lines

may be utilized to change the reradiation pattern to compare better with a
prescribed forn.




L, A LINEAR VAN ATTA REFLECTOR

CONSISTING OF FNUR IALF-WAVE DIPOLES

A detailed investigation of a four element linear Van Atta reflector
consisting of halfewave dipoles was carried out and is described in Sceien-
tific Report liogs. 2, 3, and 4 of the contract.

First an expression for the reflected field is developed considering
each dipole as a receiving and transmitting ontenna nmtched to its transe
mission line. When a planc wave is incident on the reflector a current
distribution consisting of three different parts will be penerated in the
antennn elements. The first part is due to the cnergy transmitted to the
antenna through the transmission line from its mate. The sccond part is
the current induced in the antenna by the incident plane wave and the third
part is induced in the antenna due to its mutual interaction with the other
antennas of the reflector. /nly the first part of the current distribution
is considered in Van Atta's patent description, while the last two parts are
neglected.

In fig. 2 is shown the retrodirective effect of the reflector due to
the first part of the current distribution mentioned above, The second part
of the current distribution creates a mirror effect of the reflector which
vhen the dipoles are matched to the transmission lines is of the same order
of megnitude as the retrodirective effect. This mirror effect which is
shown in fig. 3 is not mentioned in the patent description of the reflector.

It is shown that the length of tlie transiission lines and the angle
of incidence has a great influence on the reradiation, and for some values
of these two parameters the first and second part of the current in the
antennas are of opposite phase and they cancel each other so that the only
reflected energy is the small part due to the mutual interaction between the
elerents. The length of the transmission lings at which the behaviour of
the reflector is as much as possible in accordance with the patent description
has been found but even this reflector has the mirror effect mentioned above.

Nunerical analysis have been nade with a spacing betweeon the dipole
elements of half a wavelength, It turns out that in most ceses neximum
reflection is not back in the direction of incidence of the primary plane
wvave, and that the mutual interaction between the dipoles causes agymne-
tries in the reradiation pattern. This rneans that it is possible to increase
the backe=scattered energy by chocsing a proper combination of the distance

between the elements and the length of the transmission lines. The above
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mentioned investigations are described in Scientific Report No. 2.

In order to verify the theoretical results obtained,an experimental
investigation of a four element linear Van Atta reflector was carried out
in a radiocanechoic box at the laboratory. This investigation is treated
in Scientifie Report No. 3. The four half-wave dipoles of the experimental
reflector were slot fed dipoles with open~ended terminations. The length
of the connecting transmission lines could be changed by means of line-
stretchers thus axamining the influence of the length of the lines orn the
reflecting propertiss of the reflector. The measurementswere performed at
3.21 GHz as thisfrequency gives the best matching between each dipole and
the connected transmission line.

The Van Atta reflector was placed on a moveable pedestal in the center
of the anechoic box, and the measurements were based upon the principle of
interference between the signal reflected by the reflector and a reference
signal. Radiation patterns were measured in the plane normal to the axis
of the dipoles for descrete values of the angle of incidence of the primary
plane vave, ' '

A good agreement between the experimental and theoretical results was
found. The nmeasured results confirmed the theoretical results of Scientific
Report No. 2 and showed (1) that meximum reradiation is not always back in
the direction of incidence, (2) that the reflector has a mirror effect to
the same cdegree as it has a retrodirective effect, (3) that the reradiation
depends strongly upon the length of the transmission lines, and (4) that the
mutual impedances causes asymmetries in *he radiation patterns.

As an extension of the theoretical anglysis of the four element linear
Van Atta reflector an optimization of this reflector has been c¢arried out,
the resuits of which is given in Scientific Report No. 4.

First the original expression for the reradiated rfield as derived in
Scientific Report No. 2 was changed to & more general form which makes it
possible to study the influence of asymmetries in the location of the dipo.es,
unequal lengths of the trensmission lines, and = mismatch between the dipe.er
and the transmission lines. Further, a method was developed for computing
a quantity which may be used as a measure of the deviation from the retro-
directive effect of the reflector. This quentity is shown to be just as
useful as the reradiation pattern itself when two different Van Atta reflen=
tors are to be compsred, ‘

A perfectly working retrodirective Van Atta reflector has not been
found., lowever, when mutual coupling is neglected, a condition for the
smallest deviation from retrodirectivity has been derived. It is shown that

the mutual coupling between the dipoles usually causes the reradiation of
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the reflector to decrease and the deviation from retrodirectivity to increase.
However for certain values of the parameters involved it turns out that coupl-
ing may increase the back-scattering up to 507 for some angles of incidence.

The numerical optimization of the reradiation pattern of the four
element Van Atta reflector was carried out using a computational technique
starting with an a priori reasonable set of parsmeters selected by examining
1600 iifferent reflectors. The parameters were tlhen perturbed about their
initial values, the effect on the reradiation pattern was observed, and a new
set of parameters giving on improved result was selected. The success of this
method depends on the correctness of the original set of parameters and the
computer program for perturbing the paranmeter values

An attempt was made to fulfil the following two criteria:

the minimum velue of the back~scattered field intemsity, as a function

of the angle of incidence, should be as large as possible and the

deviation from Van Atta effect as small as possible,

the minimum value of the back-scattered field intensity, as a function

of the angle of incidence, should be above various prescribed levels

and the deviation from Van Atta effect as small as possible.

For both optimization processes it turned out that the optimum value
of the spacing was close to 1.5 wavelengths. Further it was found that, due
to coupling, the minimum value of the back-scettered field intensity may be
increased and the deviation from the retrodirective effect decreesed if the
transnission lines are permitted to be of unequal lengths and asymmetries
are permitted in the location of the dipoles around the center of the reflec-
tor. However, the improvements are small and asymmetries often causes the
opposite effect.
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5. SQUARE VAN ATTA REFLECTORS

WITH OR WITHOUYT A CONDUCTING PLATE

Another configuration of the reflector array is the plane, square
Van Atta reflector consisting of parallel dipoles. The investigation of
this reflector is described in Scientific Report No. 5.

The theoretical investigation of this reflasctor has slready been
descrided in Scientific Report No. 1. MHowever, in order to be able to
compare the theory with experimental results obtained by Sharp 2) the
effect of mounting the dipoles above and parallel to a conducting plate
has to be taken into account. The system investigated is shown in fig. k.

The reflecting properties of the plate are supposed not to be in-
fluenced by the presence of the dipoles. The reflected field is found
using the methed of physical optics as described f.ex. in Kerr's book 39)
for a plate the dimensions of which are not smell compared to the wave~
length.

The reradiating properties of the dipoles vhen the plate is present,
is calculated as if the plate was infinite in extent, using the theory of
imeges. The system of diroles may then be treated along the same lines as

in Scientific Report Ho. 1, but the induced voltage, the mutual impedance:,

and the determination of the field reradiated from the dipoles have to be
changed because of the image.

The induced voltaege 1s still found as described for an arbitrary
reflector in Scientific Report Ho. 1, but now the electromagnetic field
vector is changed in such a way thet the distance from the dipoles to the

plate is involved, according to ordinary reflection theory.

The nev values of self- and mutual impedances are found uwsing the nethod
of inmages, to0.

By using the values‘of the induced voltages and the values of the s:1f-
and mutual impedances thus found, the system of equations (23) of Scienti.ic
Report No. 1 will give the new values of ﬁhe currents on the arntenna elen:nts
when the presence of the plate is taken into account.

After that the reradiation pattern from the dipole reflector itself
nounted in a distance h above the plate is calculated with the above-mentioned
currents on the dipoles, The final reradiation pattern of the dipoles is
found using the theory of antenna arrays on the array consisting of two paral-

lel Van Atta reflectors in free space with the distance 2k, where h is the




distance between the dipoles and the plate.

The total field reradiated from the reflector system is found by
adding the field reradiated from the dipcles and the field reflected from
the conducting plate.

Using the above-mentioned theory a computer program has been developed
and the numerical results have been compared with results obtained by Gharp
from experinentel investipations of a 16 clement square Van Atta reflector,
The conputed backescattering cross section shows a good agreement with the
results measured for the experimentsl reflector as shown in fig. 5.

Furthermore, a series of computations has been performed in order to
exanine the changes in the back—scattérinc cross section due to changing of
the paraneters of the reflector. The parameters are the number (N) of
elenents, the length (a) and characteristic impedance (Zo) of the trans—
nission lines, the distance (d) between adjacent dipole elements, and the
distance (h) from the elements tc the plate.

The nost important results obtained by this numerical investigation is:

(1) that the backnséattering cross secticn becomes larger if a
distance of 0.35 wavelengths from the dipoles to the plate is
used instead of 0.25 wavelengths as used by Sharp,

(2) that the shape of the curves of backeseattering becomes more
irrepular vhen more elements are used in the reflector but the
level of back-scattering is increesed,

(3) that the shape of the curves of backe-scattering becories more
snocth when a nismatch between the elements and the transmission
lines is introduced in such a way that the characteristic impe-
dance cof the line is larpger than the self-impedance cf the dipolc,
However, the magnitude of the back-scattered energy is then de~
creasing more rapidly for oblique directions of incidence,

{4) that for certain lengths of the trensmission lines the back-
scattering in the direction normal to the reflector tends to zerc,
This is in accordance with the results obtained for the four
element linear rcflector mentioned in scetion b,

In Sceientific Report io. 5 & preat number of nwaerical results obtained

by the parameter variation is given as curves of the back-scatterihg eross

section.

e S nand ini o
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6, DANDWIDTH PROPERTIES OF THE SQUARE

VAl ATTA REFLECTOR

The final work on the contract deals with & computation ol tne band-
width properties of a 16 elenent square Van Atte reflector zimilar to the
experimental model used by Sharp,

Part of this work is an investigation of the influence on the back-
scattering properties of the reflector of & change in the length of the
dipole elemoents. In the previous investirations on this contract only
reflectors consisting of half-wave diroles have becﬁ investijated, The
examination of the influence of the length of dipoles is carried out along;
the seme lines as the examination of the influence of the other parameters
of the reflector as described in Seientific Neport Ho. 5. This means that
the lenpth of the dipoles is chanped while keeping all other paramcters of
the reflector fixed with values corresponding to the dimensions of the
experimental reflector used by Sharp.

“he results of this investigation is shown in fige 6 of this report.
From this it turns out as expected that the back-scattered enerpy decreases
both when the dipole length is less than and greater than helf a wavelength.
This is due to the fact that the matched helf-wave dipole has optimal rere-
diating properties. However, when the dipoles are less than half a wave-
length the mutual coupling tetween the dipoles decrease and a better retro-
directive effect of the reflector is obtained. This effect is further
strensthened because of the nmismatch between the dipole and the transmission
line, the self resistance RA of the dipole being less than the characteristic
impedance Zo of the line. This is in accordance with the results of the
investigation of the four element linear reflector where it was found that
the deviation from retrodirective effect decreases when the factor RA/Z0
decreases.

The bandwidth properties of the 16 element square Van Atta reflector
sinilar to the experimental reflector used by Sharp with or without the
conducting plate has been computed and the resulte are shown in figs. Ta
and 8a., The curves show the backescattered enersy for different angles
of incidence as a function of A/Ao, vhere Ao is the wavelength corresponding
to the ceriter frequency.

For increasing values of A/Ao larrer than 1.0 tke back-scattered enercy
from the reflector without a conducting plate decreases in a repular manner
for all wm.gles of incidence.

N
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For values of A/ho < 1.0 the shape of the curves is very irregular
and gives no information at all, When the conducting plate is taken into
account the curves for A/ Xo > 1.0 are almost as reculer as when the plate
is not pregent but the level of back-scattered energy is higher for
directions of incidence near normal incidence (0°) and lower for directions
of incidence near broadside (90°). For A/AO < 1,0 the curves are just as
irregular as in the case where the plate is not present.

However, from the results of this investigatien it turned out that
the retrodirective effect of this 16 clement reflector is essentially im-

proved when A/ko = 1.3. This corresponds to a 16 element square Van Atta
reflector with the following parameter values:

length of dipoles 0.385 A
radius of dipoles 0.0115 A
distance between dipoles 0.462 2
distance fron dipoles to plate 0,192 1A
length of transnmission lines 0.315 A

charscteristic impedance of

transmission lines 73.0 ohms

A measure of retrodirective effect is given in figs. Tb and Ob as

y = Dumber of examined g_ncles of incidence %'ving retrodirective effect , .o~
) total number of angles of 1incldence examine e

For the reflector without & plate ! obtaines its maximum 90% for the above~
mentioned wavelength A = 1.32, of the incident plane wave. When the con-
ducting plate is present the optimum value of ! is 507 and this value is
obtained in the whole range from A = i.dA to A = 1,52 « The reason for
the decrement of M in the second case is that the retrodirective effect is
reduced when the direction of incidence turns towurds broadside because of
interference with the field scattered from the conducting plate.

Hovever it is obvious in both ceses that a Van Atte reflector with a
better retrodirective effect than the effect measured by Sharp may be
obtained from the same physical reflector at the expense of the reradiated
energy if the reflector is used at lower frequencies then the center-fre-
quency,
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T. CONCLUSION

In this report a survey of the investigations performed under
Contract AF 61(052)-79L4 "Reflector Array” has been given including the
results of the final vork on the contract which haeve not been described
in apy previous report.

By comparing the results obtained with the objectives of the con-
tract as stated in section 1 of this report it is seen that the first
period of the text may be covered by Scientific Reports Nos. 1, 2, 4, and
5. The second period is Zn part covered by Seientific Report No. L. The
linear and two-dimensicnal array mentioned 'in the third period has been
investigated while the other configurations mentioned in this period have
not been dealt with. The fourth and last period is covered in Scientific
Report No. 3 for a linear array. '

Purther an investigation of the bandwidth properties of a square
reflector has been carried out. '

Using the theory explained in the reports issued under this contract
it should be possidble to investigste other types of Van Atta reflectors.
This might be as well reflectors consisting of dipoles mounted in two- or
three-dimensional arrays for exsmple over conducting cylinders or spheres,
a8 reflectors consisting of oiier types of antenna elements such as horns,
paraboloid antennas, crossed dipoiles or monopoles. '

Probably results which compare better with the experimental results
measured by Sharp may be obtained using another theory for the field re-
fiected from the comducting plate than the physical opties theory used in

Scientific Report No. 5. This theory may be Keller's gecmetrical theory of
optics which, in contrast to the theory used, will take into account the
scattering of the incident field about the edges of the conducting plate.
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8. COMPUTER PROGRAM

In Appendix 1 a copy of the computer program developed for the nume=-
ricel investigation of square Van Atta reflectors with or without a con-
ducting plate is printed.

The program is written in FORTRAN IV and the conmiputer used in an
IBM 7090 run bty the Northern Europe University Computing Center, Techni-
cal Uriversity of Denmark.
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CALCULATICN CF RERANDIATICAN PAYTERN

CECK

EEN SOLACE STAYEMFAT - IFN(S) -

WITH AND WITRCUT A CONPLCTIANG PLATE

THE INPUY PARANETERS ARE

COMMON
1
J

KPQ
MC8

c

R

B
0
RAC
CLE

W
FT1

LFI
A
PW
IF BW
MCIP
»C

MR

Me

CIFF

RATI

INPLT
NUMBER CF ELENMCATL IN EACH RCHW

ANGLE OF INCIRENCE wILL BES CHCSEN A5 XFQ4Fald

CISTANCE BETWEEN ELENENTS

CRARACTERISTIC IMPEDANCE CF TRAANSMISSICN LINES

LENGTF CF DIPCLES

C IF NEW CALCULLATICAS ERE WANTCEDR, ELSE MA =1

C IF PARAMETER VARIATICA IS WANTEL
= 1 (BANCWINTH CALCLLATICA) LSE FCLLCWINC INFULT
= C IF THE PYYSICAL L"AGTH CF CIPCLES MAS TC QE

ELSE MDIP = 1
2 C IF THE PHYSICA' TCISTANCE Tel#MECAC KA TC BE

ELSE MD =1

= C IF THE PHYSICAL DISVANCE ReLAMECAC HAS TC B{
ELSE MR =1

= C IF THE PHYSICAL LENGTH BsLAVMECAC HAS TC PE
ELSE Mg = 1

TS VARIED

1 IF CONDUCTIKG PLATE 1S TAKEN INTC A2CCCUNT. =t
TrECae. ot
C If RESULTS IN DECIBELS,y 1 TF RSSULTS IN CIRECT
“UMERICAL VALLES ANC 2 IF BCTH CASES ARE WANTECL

1 IF BANDWIDTH CALCULATICAS ARE WANTEC, ELSE EW

CF SCUARE VAN ATTL FiF_#LYIH

<L it

(IN WAVELENCTHS )
CISTANCE FROM ELEMENTS TC PLATE (IN WAVELENCGTHS!
LENGTH OF TRANSMISSICN LINES (IN WAVELENCTHS)

[P U

CIPCLE RADILS {(IN WAVELENCTHS)
{IN WAVELENCTES)

ANGLE OF POLARTZATICAN CF INCICENT WAVE (IN CECRZIVHY
ANGLE OF INCIDENCE CF INCCMING PLANE WAVE (IN CECR? ")

ANGLE CF REFLECTICA (IN CECRE

JaCE A 7
UNCEH AR
UNCrRan Gt

UNCE oy

+ALF THE RANGE CVER WHICH THE FACTCR LANEBCA/LAMBCAC

C= THE STEPS IN wWHICKF THE FACTCR LANMBDA/LANECAO IS VPRI~

(LAMBCA = FRCQENCY, LAMBDAQ = CENTER FREQUENCY)
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301
302
303
304
305
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IF BW = C (PARAMETER VARIATICN) USE THE FCLLCWING INFUT

Dl = STEPS IN CHANGIAG 1 DULRING PARANETER VARTATICH
e = STEPS IN CHANGING D DURING PARANETER VARIATICA
CR = STEPS IN CHANGING R DOURIANG PARAMETER VARIATICA
COB = STEPS IN CHANGING 8 OULRING PARAMETER VARIATICN
b2 = STEPS IN CHANGING IC OURTING PARAMETER VARIATICA
CCLE = STEPS IN CHANGING DLE DURING PARANETEQR VARIATICr
IMX = MAXIMLM VALLE QF 1 IN PARANETER VARIATICA

CMX = MAXIMUM VALLE QF D IN PARAMETER VARIATICA

RMX = MAXINUM VALLE OF R IN PARAMETER VARIATICA

BMX = MAXIMUM VALUE CF 8 IN PARAMETER VARIBTICA

IMX = MAXIMLM VALLE GF 2C IN PARAMETER VARIATICA

CLMX = MAXIMULM VALLUE CF DLE IN PARANMETER VARIATICA

CIMENSION A(TZ2,T72),CLT72),X(T72),L(72,10)
CIMENSION H(3¢,6),Q€2,1C) 251512V {36,10),18(0)
CIMENSION G(1S,10) s TETAI(1C) PHII(10),VV(10),T(19),,F(1 3"
INTEGER BwW.LCI,PAGINA

FORMAT(351S}

FORMAT (41%)

FORMAT(4FS.3)

FORMAT(2FS.2)

FORMAT(3FG.3)

FORMAT(6FS,.2)

FORMAT(15,5FG3,2)

REAC(5,3C1) [,J3KPQ,MNB

READ(S,3CE) DyR:B4204RAC,DLE

REAC(S5,:3C2) W,F11

REATC{(5,369) LFI,MA,BW

IF(BW.EQ.1) READ(5,3C01) MDIP,FD,VMR,VMB
IF(OW.EQ.1! REAB(S,3C03) DIFF,RATIC

IF{BW.EQ.C) READ(5,3C¢) DI,CD,DR,CCBHDZ,CCLE
IF(BW.EQ.C) READ{5,3C¢L) IMX;DMX,RNX;BFX,ZNVX,CLFX

IF(BHW.EQ.C) DIFF
IF(BH.EQ.C) MCIP
K=1¢C

LTETA=10
FAKTOR=1.C~DIFF
PAGINA = C

IST=1

CST=C

RST=R

8ST=8

IST=20

CLST=CLE

0.
1

0o

[F(BW.EN.1) €0 T0 5€2
IF(NW.EQ.C) GO TC 5C3
I=s1 +Cl
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CQ TG £1f
C=C +CD

C0 70 £1¢
=g +Cr8

€O 70 51¢
10=20+4D¢Z

GO TO S1¢
R=R +PR

GO TC €1
CLE=CLE+LCCLF

IF(CW.CR.C) GC TO SC3
IFIMC,EQ.C) C=C/FAKTCR
IF{MR.EQ.C) R=R/FAKTCR
IF(MR.EN.C) B=B/FAKTOR
C=C=¢e.2821882
RzRn&,2821852
B=Bu&.26821652

PAGINA = PAGINA ¢+ 1
N=Jax2

M=1/2

IF(Me2=-1) 11,12,11
LE=1

Go 10 2

LE=C

MM=( I-LE)/2+5/1CC

0 12 M=1,MM
SIM)=LFLOAT(1)/2.-FLCAT(M)+4C.S)aDn
LL=(1-LE+*1)/2

CO 15 L=1,LL

Co 15 M=1,1
Ll=(L=1)=]4M

R{L1y2j= S(L)
L2=1-L+1¢(M=-1)n]
F{L2,13= S(L)
L3=N-I+M-(L=1)e1
F{L2,2)==S(L)
Lé=L+4(M=1)n]
F(L4y1l)==S(L)

IF{LE) 14,15:14
LS=(1~-1)/24(M=1)el+]
F(LS,1})=C.C
Le={I»(I~1))/2¢M
H(LEs2)=C.C

CONT INUE

Il=]na2

FAKT1 = 1.CCCCCC
IF(MCIP.EQ.0) FAKTL = FAKTICR
CALL BETA{1l¢JsZCsR¢H)FAKT1RAD,CLE)
TAL=0.
OPG=FLOAT(KPQ)/1C.
TAL=TAL+1,
CLE=CLE/FAKT]

CO 24 M=11K

YM = ¥

VV(NM)=zHW

TENLS)
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PFII(MI=F]]

XM = YM=0PQ

XK=K=1

TETAT(M)=(XMeGC, ) /XK

IF(ABS(TETALI(NM))=GCa) 22,21,22
IF(ABS(PHII(M))=SC,) 22,25,22
TETI=TETAT(M)eC.C17453262¢

2=0.C17453262¢%
OP=(C0S({2.141552¢65«DLE#SIN(TETI)®SIN(FITu2))
1 (SIN(W2Z)2CCS(FIIw2)-COS(ha2)5SIN(FIlIn2)eC
2 SIN(TETI)ewluSIN(FIleZ)an2)aSIN(3.1415926

GU1yM)=Po{1.~FLOAT(J)uCCS(2.4R*CCS(TETI)))
QU2,M)2~PsFLOAT{J)*SIN(2,.#ReCCSITETL) )

£O 23 L=1,N
CVILoM)=~F(Ly1)oCOS(FIT=2)SIN(TET])

1 ~H{L,2)#SIN(FII#2)=SIN(TET])
CONTINUE

GO0 YO 26

KzK~-]

NOW THE ALXILIARY ARRAY KAS BEEN CALCULATED

CALL "&Tl(LE11’N7J|B'lBVﬁ .H)
IF(LE-1) 11C,4),11C

CALL MAT2(LEsIsNyJsByA,H)
CONTINUE

L0 50 L=1,K

IFILE~1) 45,4E8,4¢

N1={N+1)/2

N2=(2aNs]1) /2

CIN1) =(Q(1,L)nCOS(VINL,L)I=C(2sL)2SIN(VIN]
CIN2) =(QC1,L)»SIN(V(NI,L))+C(2,L)#CCSIVIN]
MMz=(N=-LE)/2

NL=2#N+L

CO 8CC M=1,MM

NM1l=N+1-M

MN=N+M

M1=Me+{N+LE) /2

M2=M+{I3aN+LEN /2

RVM = Q1,L)eCCSIVIM,L))I-C(2,L)nSIN(V(F,L))

Cvwv QUL,L)aSINIVIML))I+C(2,L)#CCSIVIP,L))
RVML = Q(1,L)sCOSIVINML,L))=C(2,L)aSIN(VINNV
CVML = QUX,L)eSINI(V(NML,L)}+C(2,L)aCCS{VINN
CIM) = (RVM=RVM1)#COS{B#(C.5)

C{MI)= (RVMeRVYML)}=SIN(B*C.5)
C{MN)= {CVM-CVvM1)eCOS{B*C.5)
C(M2)= (CVM+CVNML)#SIN(BeC.5)

NO®W THE MATRIX IS FILLED UP AND THE SCLVING
EQUATIONS WILL START

IF{L-1) 7CC,&CC,7CO
CALL SCLVE(2¥N,A,Cy1,4CeC01lyS5eX,IT)

= [IFMSY) -

=CCS5({3.,141592654CLE) e
CSIYETI))/ISCRT(1.~
5«CLE})

2L2))CCS(R)
sL) ) )eCCS(B)

1,L})
i)

CF THE
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60 TC 52
700 CALL SOLVE(2'N|A|C.2|G.0195.,1l‘)
§2 N2s 2#N

0O 51 KM=]1,yN2
51 UIKMyL)=X(KM)
SO0 CONTINUE

NOW THE RERADIATION PATTERN wILL BE CALCULATEC

[aXaXal

IF(IT) 94,55,5¢
S8 KLM = 0

210 IF{KLM) 220,22C,230

220 FIsLFI+18C
KT= GC
GO TO 240

230 FlIsLFI]

KT=1CC
240 OCALL PATT(KLM'K"KQI'N'JQD'R9KoZCnFlI'lTETA'Fl'TET‘IQH.U'GOTpFOELE
1)
KLMsKLM+1
IF(KLM=-1) 281,210,281
281 WRITE (6,2CC)
WRITE (5471) N,PAGINA
WRITE (6472)
WRITE (6,474}
IFtJ<EQ.1) WRITE(E, 76)

L IFIBW.EQ.C) GC TO 31C
WRITE(6,2CC) FAKTOR
IF(MDIP.EQ.0) KRITE(6,2333)
IF{MO.EQ.C) WRITE(G,444)
IFIMR.EQ.C) WRITE(6,555)
IFIMB.EQ.C) WRITE(6,6£6)

310 IF(MDB.NE.C) GG TO 120
CO 111 MK = 1,19
0O 111 KK = 1,K

111 G(MK.KK) = DB{GIMK,KK))

120 AA = B/6.2831E531

2 CPI=D/é&.2621€521

17 MWRITE{6,177) DPI
WRITE(6,777) RAD
WMRITE( 6, E88) DLE
WRITE (6,175) AA
KH=R/6.28318521
IFtJ-1) 18C,178,180

178 WRITE (6,175} RHH

180- HWRITE(6,181) 20
IF{MDB.NE.C} WRITE($4+3C)

| WRITE (6578) (TETAI(M)  ¥=1,K)

WRITE (6497S) (PHIT(M),M=]1,K)

HRITE (69 8C) (VV(M),M=1,K)

WRITE (6,81)

T e

DO 84 MK=1,16
84 MWRITE (699C) TIMK) gFIMK) 4 (GINK,P) oF=1,K)
IF(MDB.NEL.2) GO TO 96
i WRITE(&,2C)
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€O 112 MK = 1,19

CO 112 XX = 1,K

GIMKyKK) = DB(GIMK,KK))

CO 113 MK = 1,1§

HRITE|619C) V(HK“F(PK) 'y (GIMK,M) ."I'K)
CO TO 96

WRITE(6,95)

Cs=CpPI

B=AA

Rakg

IF{BW.EQ.1) GO TC 504
IF{C1«NE.C.AND&T.LT.IMX) GC TC 501
C1=Q

I=5ST

IF(DL<NE2O++AND,D.LT.DMX) GC TO 510
£o=C,

C=CST

IF{CCB.NE.Q..AND.B.LT.B*X) GC TC 512
co8=0.

8=8ST

IF(DZ oNEoCooAND.20.LT.2MX)} GC TC S13
€120,

20=7S87

IFICR NE.C. sANDR.LT.RMX) GC TC 511
CR=Q, ‘

R=RST

IFICDL.E.NE.C..AND,.DLE. LT DLMX) GG TC 514
DOLE=C.

CLE=DLST

IF(BW.EQ.C) GC YO 50§

IF(MD.EQ.C) D=D#FAKTCR

IF{MR .EQ.C) R=R#FAKTCR

IF{MB.EQ.C) B=B#FAKTCR

DLE=DLESFAKT]

FAKTOR= FAKTOR+RATIO

IF(FAKTOR.LT.1.C+DIFF) GC YC 502

IF(MA) 93,100,923

CONT INVE

FORMAT {1iH1)

OFORMAT(31H SQUARE VAN ATTA REFLECTICR Hl?H.lBglOH ELENMENTS 50X, 4P
1AGE, 14)

OFORMAT(102H-CALCULATED RERACIATICK PATTERN #Ge IN THE CIRECTICN (I
1VEN BY THE ANGLES TETA AND FI FCR VARICUS CASES)

OFORMAT(6TH OF INCIDENCE ANC PCLARIZATICN ~GIVEN BY THE ANGLES TETA
11.,FI1 AND V)

FORMAT{48HCHERE THE CONDLCTING PLATE IS TAKEN INTC ACCCUAT)
OFORMAT(4SHOBANCWIDTH CALCULATICNS FCR LAMBDA/LAMBCAO =,FB8.3,4F 2N
i)

OFORMAT(62H NO VARIATION CF PHYSICAL DIPCLE LENGTH (LENGTH= 0.5% LA
1MBDAC))

FORMAT(5CH NO VARIATION CF PHYSICAL DISTANCE BETWEEN CIPCLES)

FORMAT{43H NC VARIATION CF PHYSICAL HEIGHY CVER PLATZ)

FORMAT(41H NO VARIATION CF PHYSICAL LENGTH U= LINES)

FORMAT (27HODISTANCE BETWEEN ELEMENTS=,F10.0,:2H WAVELENCTHS)
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FORMAT{27H O]JPOLE RADIUS = #F11.3,12H WAVELENGTES)
FORMAT(2TH OIPOLE LENGTH = vF11.3,12H WAVELENGTHS)
FORMAT (29H LENGTH OF TRANSMISSICNLINES=,F8.2,13H WAVELENCTFS)
FORMAT(33H DISTANCE FROM ELENENTS TC PLATE=,F4.2,13H WAVELENCTES)
OFORMA™ { 48HOCHARACTERISTIC IMPEDANCE CF TRAMSNFISSICN LINES=,F5.2,6¢
1 OHMY)

FORMAT(48HORERADIATION PATYERN VALUES MEASUREC IN CECIRELS)
FORMAT(IH-TETAIs ,2X,10F9.1)

FORMAT(SK FIT = ,2X,1CFS.1)

FORMAT(9H V = 42Xy 1CFS.1)

FORMAYT(11HCTETA FI)

FORMAT{1H ,F4,1,F6.0,10FS.2)

FORMAT(42F100-THE SYSTEM OF EQUATICNS IS SlNGULAR---!

sTop

ENC

$IBFTC DECI DECK

REAL FUNCTION DB({X)

* DB = CONVERTS THE RERACIATEC ENERGY INTC CECIBELS

08 = -9CC.C

XI = 1€0CCCCC.=X
KX = IFIX{XI)
IFIKX.NE.Q) GO 70 1
RETURN

CB = 10.#ALOGLIC(X)
RETURN

ENC




101 . e A o o =0

014C€C2

$IBFTC sugl CECK
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SUBROUTINE MATI(LE LsNsJ9sBs18)A M)
#MAT1e CCMPUTES THE FIRST PART GF THE MATRIX ECUATICA

DYDY

CIMENSION IB1€),ALT72,72)9H(3646)
MMe(N-LE) /2
c0 32 M¥s=s],MM
CO 20 L=1,1
MX=M=-L o]
IF(1C0aMX=-2) 27,30,3C
27 IF(1CO#(MX-LE)+5021-5) 28,26,29
2€ LLsN=ZaM+2
60 YO 31
29 LL=2sMX4N-2al8l+2e]
G0 T0 31
30 CONTINUE

31 Ys{{.1p3)-FLOAT{J)®H{1,5)~H(LL,3)+FLOATLJ)H(LL,5) }aCCS(R20.5)
A(M,208~-1)3 Y
RN=M 4N
A(MN,2sM)s ¥
NMi=2a(N=M)e]
NM2=2#{N~H)+2
ML1=M+(N4LE) /2
ML 2sMe(IeNSLE) /2
A{MsNM]1)= ~Y
ATMNyNMZ )2 -Y

OYa=(H( 1, 4)=FLCATII)®HIL,&)=HILL»4)+FLCAT(JI)oH{LL6))nCLSIR20.5)
1 +SIN(B#»C,S5)

AlM 2eM)s ¥

A(MNsNM1)e ¥

AlMyNM2)a =Y

AUMN, 28M=1)s ~Y

Yo(H{1y2)-FLOAT(JIOH(L o SY+H(LL o3 )-FLCAT(JIsH(LL+5) ) #SIN(Be0.5)
A(ML],28M-1)= ¥

A(ML]I,NM])s ¥

A(ML2,24M)s ¥

ALML2,NM2)= ¥

OVe={H(1) 4 )~FLOAT(J)SH(L,6)+H(LL,4)~-FLCAT(J)SHILL,6))9SIN[{P20,S)
| ~C0S(B820.5)

A{MLY,2eN)a V¥

A{MLI,NM2)= ¥

A(ML2,2aM~])s ~Y

A(ML2,NM1 )= -¥
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CONTINUE

¥M=(N=3=| E)/?2

LL=(N=~LE)/2

CO 4C M=1,MM

My =M}

IF(LL-ML) GSG,EER,R8¢E

LO 4C L=ML,LL

K1=C

L2= L-M

DO 35 Mi=M,L,L<¢

Kl=K1+1l

CO 24 Li=1,L0

MX=M]1~-l. 141

IFCZeMX~1) 22,24,24

IB(K1)=MX+]-1

Kl=K1+41

I8tK1)=L1~1

GO TO 38

CONT INUE

CONT INUE

B(S)=I~1-1B(2)

I8(&)=1-1-18(4)

IFCIB(L1)=1B(2}) 37,37,3¢

LLl= I=(18(4)-1IB(2})=-1IB(3)+1B(1)+1
Co TO 112

LLl=s Ie(1B(4)=IB{2))+IB({3)~1B(1)+]
IFCIe(1)-1B(5)) 39,39,2¢
LL2=T«(IB(&)-1B(2))}-IR(S)+IB(L)+1
GO T0 114

LL2= I#{IB(€)-1B(2))+IB(5)=-1IB(1)+]

Y=(H{LLY,3)=FLOAT(J)®HILLY1,5)-H{LL2,3)}+FLCAT(J)#H(LL2,5))
aC0S(B=C.5)
A{L,2eM-1)=Y
A{Mq 2eL-1)=Y
NL=N+{,
NM=N4+M
NMl= 2#(N-M)+1
NL1=2a{N=~L) +1
NM2=NM1+1
NL2=NL1+1
LEI=L+(N+LE) /2
MEl=M2(N+LE)/2
LE2=L+(3#N+LE)/2
ME2=M+(3aN+LE) /2
A(NM, 2#L )= Y
AINL,2eM}= Y
A(LysNM1)= - Y
A(MyNL 1) =¥
A(NL,NM2)= ~¥Y
AINMyNL2)z ~Y

OY=-(H(LLY,4)=FLOAT(J)oH(LLL6)-H{LL2y4)+FLCAT{JIaH(LL2,6))

1

«C0OS(B2C,5)
AlL, 2#M)=Y
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susl - EFN  SCLRCE STATEMENT =~ [IFNM(S) =
A(M, 2oL ) aY '

A{NL NM1)= ¥
AINM NLY)s ¥
AlLyNN2)s =Y
A{MyNL2)= -Y
AINL,28M=-1)s ~Y
ALNM, 28 ~]1)= -Y

OV=(H(LLYy2)=FLCATLJ)oHILLL,S)+RILL2,3)=FLCAT(J)#H(LL2,5))
1 «SIN(BeC.5)

A(LEl,28aM-1)2 Y
A(ME], 2eL-1)= Y
A(LEI,NM])=
A{ME1sNL1)=
A(LE2,28M)=
A(ME2,22L )=
A({ME2,NL 2)=

o o €€ <<

OY=—(HILL1,4)=FLOAT(JIoH{LL]L &) +HILL2,4)=FLCAT(J)aH(LL2,6))
1 «#SIN(BeC.5)

A(LELy2eM)x ¥
A(MELl,2%L)= ¥
A(LE1,NM2)= ¥
A(MELSNL2)= ¥
A(LE2;2eM-1)= -Y
A(ME2,28 ~]1)= -Y
A(LE2,NM1)= -¥
A(ME2,NL1)s -Y
CONT INUE
CONTINUE

RETURN

ENC
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$IBFTC Sug2 CECK

svez2

42

43
44
45
46

115

- EFN SOURCE STATEMENT -~ IFNIS) -~

SUBROUTINE MATZ(LEsIyNyJeBAyH)
#MAT2s COMPUTES THE SECCAD PART CF THE MATRIX ECU‘TICN

CIMENSION A(72,T72),H(3¢€,¢)
Y={k{1y2)-FLOAT(J)eH{1,5))2CCSIB)

NE=(N+LE)/2
NE1l=(2#N+LE) /2
A(NEsN)= ¥
A(NEL14N+1)= ¥
A(NE )N+1)= —(H{1,4)~FLOAT(J)aH{1,6))eCCS{BY+SINIE)
A(NELyN)= ~A(NE,N+1)

MM=a(N-LE)/2

Co 47 Ms],MN

LL=(N-LE)/2

CO 43 Lsl,LL

MXzM~L 8]

IF(2eMX=~1}) 42,43,43

NXsMX41-1

NY=I-~}

GO TO 44 .
CONT INUE

IF(2eNX~1) 4¢€,4€,45

LL3= Jal{1-1}/2=-NY)+(3=])/2¢NX
GO 10 115

LL3=s Tal(I~1i/2-NY)4(1+4]1)/72=NX

Y={F{LL2,2)-FLOAT(J)»H{LL3,5))CCS(B)
NM=N+M
N1={N+1)/2
N2=(3aN+1)/2
NM1s28(N=-M)+]
NM2= NM1+1

M2= (3eN+1}/2+M
Ml= (N+1)/72+¥
A{Nl,2sM=~1)= Y
A{N1,NM1)=s Y
A{N2,NM2)= ¥
A(N2,2aM)= Y

Y=-(H{LL2,4)-FLOAT(J)sH(LL3,6))9CCS(B)
A(N1y2eM)= ¥

A(N1,NM2)= Y

A(N2,2eM=~1)= =Y

AILNZ2,NM2)= -Y
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014CC2
suB2 = EFN SCLRCE STATENMEAT =~ IFM(S)

Y=2.0(F(LL2,2)=FLOAT(J)oH(LLA,5))eSIN{Be0,.5)
A(M2,N+1)= Y

A(MIgN)= ¥

AlMLyN+Y)e =2, 8(H(LLI,4)-FLCATIJIaH{LL3,6))eSIN(Re0.5)
A[M2,NY=z =A(NM],N+]1)

Al"]N,'OQC

A(M,N+1)=C,.C

A{NM,N)= C,.C

A(NMy,N+1)=s Q.C

RETURN

ENC
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$IBFTC Suez2 CECK

sueld

[aNaN el

250

260
270

84

85

- EFN SOLRCE STATEMENT - [IFN(S) -

OSUBROUTINE PATT(KLMyKT oKl oNyJyDyR,Wy2CyFII,LTETA,FI,TETAL,HsUy
1 G, TyFyDLE) .

#PATTe CGMPUTES THE RERACIATICN PATTERA CF TME REFLECT(CR

CIMENSION TETAT(10)4H(3€,6),L(72,10),6(19+10),T119),F(19)
PO({X)= SIN(O.SaXeXIaD)/(C.5e¢xeXIC)

MKM=C

£O 61 NTETA=1C,KT,LTETA

MKM=MKM+1

MK= KLMe GQ+MKM

NX = {MXM=11)}#{KLM=1)¢+ MKV » KL¥

IF{KLM) 2¢C,25C,260

MTETA=1CC-NTETA

GO 10 27¢C

MTETA=NTETA ~ 1C

00 86 M=1,K

GR=0.

Gl =0.

¥=3,141592¢€5/7180,

TETA=MTETA

TETA = TETAI(KX)

TI(MK)=TETA

FIMK)=FI
O0XK13120.#3.141562658(C0S(3.14159265¢DLEaSIN(TETA#Y)#SIN(FIsY))
1 ~COS(2.141562¢65#DLE)) /{ZC*SQRT (1o~ (SIN(TETASY) #SINIFInY))ne2)s
2 SIN(2.1415G6265«DLE))

NZ2=24N

CO 84 L=1,N2,2

L1=(L+1)/2
C1=H(Llrl)’SIN(TETA.V)'CCS(FICY)’H'llsz)'Slh(TET"Yi'Slh(FlCY)
AA= U{L,M)

NL=L+1]

88= U(NL,M)}

GR2GR+AASCOS{C1)+BBaSIN(C])

GIl=2GI-AA=SIN(C1)+BBaCOS(CY)

CONTY INVE

IF{J-1) 871,85,87

CO 86 L=1yN2,2

Lia(L¢li/2
OCISF(Llyl’*SIN(TETA'Y"CCS(FI'Y’#H‘[IpZ)'SIN(TET#“Y)'S!N(FI'Y’
1 ~2.%RaCOS(TETAsY)

AA= U(L,M)

NL=L+1

8B= U(NL,M)

AN=N




8¢
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296
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293

294
295
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89
91

Cl14CC?
SUR3 - EFN SCLRCE STATEVEAY -« IFN(S) -

CR=GR-AA=COSIC1)~ABeSIN(C])

CI=CI+AAnSIN(C1)~BBeCCS(C1}

CONT INUE

Xl=1

AR=COS(R(COS({TILTAI(NM)AY)+CCS(TETARY)))
Al=SIN(R#(CCSITETAI{M)nYI+CCS(TETARY) )Y
AL=SIN(TETAI(N)aY)uCCS(FIlaY)+SINI(TCTAnY)#CLCS(FInY)
BE=SINITETAL(M)nY)aSIN(FII®Y}+SIN(TETAuY)eSIN(FIay)
ALYI=AL#1CCCCC.

RE1=sRE®1CCCCC.

IFCIFIX(ALLY) 2G5C,261,26C

SAL=1.

CO TQ 262

SAL = PC(AL)

IFUIFIX(BEL)) 264,292,264

SBE=1.

GO TO 2S¢

SAE = PO(RE)

XK2= C,SuSAL#SRE#AN®Due?
TP=COS(HuY)sCOS(FIIoY)+SIN{eY)}#CCS{TETAT(M)ny)eSIN(FIIsyY)
TT=2~COS{heY)aSIN(FIIoY)+SINtWaY)sCCSITETAI(MIaY)uCCS(FILnY)
FT==TPsCCS(FIuy)uCOS{TETAaY )+ TTaSIN(FIaY)aCCLS(TETANY)
FP=TPuSIN(FIlaY)}+TToCCS(Flny)
DGIMK ™M)= ((XK1#SReSIN(FI®Y)#CCS{TETARY) ¢ XK28ARuFT)ua?2

1 +{XK1aGInSIN(FleY)uCCS(TETARY) + XK2wplaFT)un2
2 +(XKIeGReCCS(FIny) + XK2wAlaFFjna?
3 +{XK1nGIsCOS(FlaY) ¢ XK2uAlwFP)oa2)/(3,14159265%e2)

IF{J~1) EELEGEE
CGIMK ,M)=XK1#w2e (GRe#2+G]1we2)u((SIN(FIoY))na2ea(CCS(TETARY)) ®a?
! 4(CCS(FI»Y))mau2)/{2,14159265043})

CONT INUE

CONTINUE

RETURN

ENC
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$IRFTC IMP2 CECK

1¥p2 - EFN SOLRCE STATENEAT -~ IFN(S) -

[aNa kel

SUBROUTINE BETA(I1,J42ZC4R4H,FAKTCR,RAC,DLE)
#BETA# BLILDS LP AN ARRAY CF SELF- ANC MLTUBL IMFECANCES

CIMENSION K(2¢46)
CALL SELF(CLE/FAKTORRADRS,XS)
CQ 2C M=1,11
IF(M=1) 1741€¢17
16 F(1l,2) = RS/2C
Flle4) ==XS/12C

C0 1O 18
17 02Z= AMPE(CLE/FAKTORDLE/FAKTICR,
1 ABS{C.1561545#(H{1,1)=HI(VN,1))),
1 ABS(C.15915490(HIIQZI-HIN,Z)HoG.OyO.U ll 000001’10’

(M, 2)=7/1C
0Z= AMPE(CLE/FAKTOR,DLE/FAKTCR,
b1 ABS{C.15G154Sa{HIL,1)=-H(NMy1)))y
1 ABS(C.15S51549% (H({142)-H(VM¢2))) +C.C40.C40,0,001,10}
F(M4)=2/20
18 IF(J) 16,2C, 1S
19 OZ‘ AMPE(CLE/FAKTOR,DLE/FAKTCR,
0.1561545«SCRT((H(Ls1)-H(NMs1))na244,0(Rua2)),
1 ABS{C.159154G8 (H(192)=H{V42)))20eCe0.0,1;0.001,410)
F(M,E)=Z/2C
OZ- AMPE(CLE/FAKTOR(DLE/FAKTCR,
Ce 1591549=SQRT((H(l.l)'H(F.l))"244.*(Fl¢2)).
1 ABS(C.15G15458(H[142)=H{M,2)))40.0,0.0,0,0.,001,10)
(M, 8)=2/20
20 CONTINUE
RETURN
ENEC
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$IBFTC XCAL CECK

XCAL

[aNeXe]

12
13

- EFN SOLRCE STATEMEAY - IFN{S) -

SUBROUTINE SELF(H,A,R,yX)
#SELFe CCMPUTES THE SELF INMPEDANCE CF THE CIFCLES

COMPLEX CSINTY,CINSI

PIl=2,1415G2¢&¢

AAsSQRT{2.,)02,2P1sA

FHuP lal

CSINT=CINSI(2.2KH)

Cl23 C.5717215¢£5+AL0G(2.#HH)-REAL{CSINT}
S2= REALICSINT)

$I12= AIMAGICSINT)

CSINT= CINS1{4.8FH)

Cl4= Q.577215¢C5+ALOG(4.%HH) -REALICSINY)
S4= REAL{CSINT)

Si4= AIMAG(CSINT)

Xz =2G.,997925a (SIN(2.0HH)#[-C,STT215665+ALCG{HE/{AAnn2))+2,0(12
C -Cl4) - COS(2.oHH)m(2,05]12~514)-2,.4512)
Rz  29.99715258((2.,42.,9CCSi2.4HH))2S2-CCS{2.9KH) 254
C =2.#SIN(2,8HH}#SI2¢SIN(2.oHH) #S14)

X=X/(SIN(FH)®02)
R=R/(SIN(FH)na2)
CONT INUE

CONT INUE

RETURN

ENC
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$1BFTC CINSI DECK
CINSI - EFN SOURCE STATEPENT - IFNIS) -

COMPLEX FUNCTION CENSI(X)
C CINSI COMPUTES AS ITS REAL PART THE MCCIFIEC CCSINE INTEGRAL ANC AS
C ITS IMAGINARY PART THE SINE INTEGRAL.

IF {X.GTal.l) GO TO 2C

c=1,0

$=1.0

TC=s1.C

TS=1.0

Yz=XeX

I=0

10 I=]+1

TC==Y4TC/FLOAT(20Iu(2¢]-1))

TSa=YaTS/FLOAT( 2 In(2e]+1))

TERMC=2TC/FLOAT(2%])

TERMS=TS/FLOAT(28141)

C=C+TERMC

S=S+TERMS

EC=ABS(TERMC/C)

ERROR=]1,CE-&

IF (EC.GT.ERROR) GO T0 1C

CIN=1.0-C

SI=X«S

CINSI=CMPLX(CIN,SI)

RETURN

20 Y=XaX

F={ya{ya(Yo(Y+38,027264)4265.187033)4335.677320)+38,102495)/
C (Xe{Yo(Yu(Yo({Y440,021433)+322,624911)+457C.236280)+157.105422))
G=(YR{Y®(Yo(Y+42,242855)+2C2,7570865)+42352.018498)421.821899)/
C (Yl Ve (Yo {Y448. 15882714482, 4%8530401+1114.97888501+4449,6903261)!}
S=SIN(X)

C=CO0S(X)

CIN=0.577215€45+ALGGIX)-FusS+GeC

SI=1.57079¢32~FaC~Ga S

CINSI=CMPLX(CIN,.SI)

RETURN

END
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$1BFTC 2CaAL CECK

ZCAL = EFN SOLRCEL STATENEAT -~ IFAL(S) -

REAL FUNCTION AMPE{HL1,H24+YCs2ZC,TETA,FIAC,CELTA,NCRC)

#AMPELw CCMPLUTES THE VLTLAL IVPENANCES BETWEEMN THE CIFCLES EY AN
INTECRATICN USING RCMBERG'S METHCC

THE REAL PART CF THE MLTLAL INPECANCE FCR A(=1 AANC
THEE IMAGINARY PARY FCR NC=C

VOO0

CIMENSION TRAPI11)
STEP= 2
X= =H2/2.
CL=RX{( 1423 YCoZCy TETASFI AC,yX)
X=kz/2.
FCaRX(HL e 29 YC o ZC, TETAWFIZNC X}
H TRAP(1)=(C1l4FCleSTEP /2,
i c1=C.
O 2C2 K=1,4MCRC
SUmM=C,
ERRCR=C,
STEP=STEP/Z.
LEFT ¥ 34
MN¥=N~- ]|
CD 2C4 L=lg¥M,2
LL=M=L
XL=FLOAT(LL)
XM=FLCAT (M)
X=XL /XM
XeXa(=F2/2s)¢(1.-X)u)k2/2,
FO=RX{HYI,H2:YCoZC, TETA,FI yNC,y X}
C2=SUMsrL
IF(ABS(FC)I~ARSISLM)) 2C¢&,2C6,2CS
205 ERPCR=ERRCR+SLM-(C2-FC)
cCOo T3 207
20¢ ERRCR=2ERROR+FC-(C2-SL¥}
207 SuM=(C¢
2C4 CONTINUE
TRAP(K+1)}=TRAP{K)/2.+(C2+ERRCR) =STEP
P=1.
KK=]1C=-K
CC 2CP LL=KK,yS,1
L=-(LL-1C)
P=2Puygy,
208 TRAP{L )=(TRAP{L+1)eP-TRAP{(L})/(F-1.}
C2= TRAP{]}
IF{K=1}) 2CS+2CG,211
211 IF(ARS(r2-C1)-PELTA#ABS(C2)) 21C,210,2¢C9
208 C1=C2

e

I e PR -




2012
210
200

201
202

- 3 -
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ZCAL - EFN SCLRCE STATCNERT - IfM(S) -

CONTINUE

MORC=K~1
Q=29.97925/$IN(3.14159265&H1)/SIA(3.14159265'H2)
IF{NC~-1) ZC1,42CC,2¢C1

AMPE= ~QeC2

cere 202

AMPE= Qe(C?

CONTY INUE

RETURN

EMC
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S$IBFTC INTC CECK

INTG - EFN SOURCE STATEMERY - [IFN(S) -

2 Falal

REAL FUNCTION RX({H1,H2,YC,2C,TETA,FI,KCyX)

& RX ® COMPUTES THE FUNCTICN TC BE INTEGRATEC IN RCUTINE AMPE

E!”‘ll’s.‘
B2=+272.
A=COS{TETA)
I=SINI(TETA}
C=BeSIN(FT)
C=B=COS(FI}
E=22.08C081{2.14155265+H1)
F=20+81
G=20-61
SX=aXaC
Sy=xXsC
SI=XsA
RD2=SXu#2 +(VYC+SY)un2
F=I0+SZ
R=SQRT(ROZ2+Hna2 }
FH=F4S2
P=2G+SZ
Ri=SQRT(RC2+-kae2 )
R2=SQRT(RQ2+4Psa2 )
!E(NO-I) 21442112214
211 AK=SIN(€.28318531#R1)/R1
AL=SIN(6.282185312R2)/R2
AM=SIN(6.28318531=R) /R
GO Vo 212
214 AK=C0S(£.28318531»R1)/R1
AL=C0S(6.,2E31E531»R2}/R2
AM=COS(6.28318531«R) /R
212 CONTINUE
IF{Y0) 218,215,218
215 IF(SX) 218,214,218
216 IFtSY) 218,217,218
217 RX=[E=AM-AK—AL)*A#SIN{¢.28318531e(B82~-ABS(X)})
G0 T0 219
2180RX=( (AKn=+ALeP—FeAMoH)n { Xa{Cnu2)+YOuC+Xx(Cusa2))/R(C2
1 +({EwAM-AK~-AL)eA)sSIN(6.28318531%(B2-ABS(X)))
219 CONTINUE
RETURN
ENC
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$IBFTC SOLV CECK
SoLv - EFN SOURCE STATEMENT -~ IFN({S) -

SUBROUTINE SOLVE(NN,A By INEPS,ITFAXX,IT)

C
CSOLVE LINEAR EQUATION SOLVER WITH TTERATIVE INMPRCVEMENT VERSICN IV
C SOLVES AXsB WHERE A 1S ANXN MATRIX AND B IS AX1 VECTCR
C IN=
C 1 FOR FIRST ENTRY
C 2 FOR SUBSEQUENT ENTRIES WITH NEW B
C 3 TO RESTCRE A AKC B
C EPS AND TTMAX ARE PARAMETERS IN THE ITERATICAN
C iT=
C -1 IF A IS SINGULAR
c C IF NOT CCNVERGENT
C NUMBER OF ITERATIONS IF CCNVERGENT
C CALLS MAP SUBROUTINES ILCG2,0CT,SOCT AND CAD
C
C TO MODIFY DIMENSIONS, CHANGE THE NEXT 3 (NCT 2 BUT 3) CARCS.
C
OCIMENSION AC(72,72)¢BL72)X(T72)4DX{T2)4R(T2)42(72),RM(T2),IRP(T2),
1AA(72,72)
MA=72
C MA MUST = DECLARED DIMENSICN CF SYSTEM
EQUIVALENCE(R,DX)
GG TO (1CCCy2CC0,3CCC), IN
1000 N=NN
NM]l=N~1]
NP1=N+]
c
c EQUILIBRATION
c

CO 51C I=1,N
KTOP=ILOG2(A{I,1))
DG 5C2 Js=2.N
503 KTOP=MAXCIKTOP,ILOGZ2{A(I,,J)))
RM(I)=z2.Can{-KTOP)
CO SCS J=1,N
509 AlI,J)=A(1,J)=RM(T)
510 CONTINUE

SAVE EQUILIBRATED DATA

aAaonn

DO 548 I=)1,N
0O 54€ J=]1,4N
548 AA(I,2)=A(1,J)

GAUSSIAN ELIMINATION WITH PARTIAL PIVCTING

acso

£O SS M=1,NM1
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[
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014CC2
SoLyv - EFN SCULRCE SYATENENT
TOP=ABS (A(M,M))
IMAX =M
CO 12 1l=sN,N

IFLTCP-ABS (A[I.M)))10,12,12
TOPsABS (A(I,¥))
IMAX=1

CONTINLE

IF{TOP)Y14513,414

[Tz=~])

*SINGLLAR®

RETURN

IRP(M)=jMAX

IFUINAX=M)2G,25:24

CC 2% J=]N
TEMP=A(M, )
AIM,))=A{TMAX, )
AC(IMAX,J)=TENMP

MPlaM+]

CC 22 [=NP),N
EM=A(TM)/ZA(N,M)
A(I;VM)=EM
IF(EVM)31,33,3]
CC 22 J=MP ,N
A(IDJ,‘A‘I'J)'h‘"'J)'EP

CONTINLE

CONTINVE

IRP{N)=N

IF (A(NsN}i12C»113,120
1Ta=]

RETURN

CONT INUE

STORAGE FOR A NOW CONTAINS TRIANGULAR L ANC U SC THAT (L+I)sU=A

CUPLICATE INTERCHANGES IN OATA

CO 229 I=1,N
IPaIRP (1)
IF(1-1P)221,229,221
C0 222 J=214N
TEMP=AA(],J)
AALT,J)=AA(IP,JI
AACIP,J) =TEMP
CONT INUE

PROCESS RIGHT HAND SIQE

CONT INUE

CO €C1 I=]1,N
BlI)=B(I)eRM(])

£0 €09 I=1,NM]
[p=IRP(1)
TEMP=B(])
B(I)=B(IP}
B(IP)=TEMP

CONT INUE

TEN(S)
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014C02
SOoLy ~ EFN SCURCE STATEFENY =~ IFAN(S) ~

SOLVE FOR FIRST APPROXIMATICN TC x

0 2C0 I=1.N
Z{1)=-SDOT(1-12A(1,1),MA,211),1,-B(1))

CO 201 K=1,N

I=NP 1=K :

XCI)==SOOTIN-T,A(T041) MAX(Le1),1,~211))/AL1,1)

ITERATIVE IMPROVEMENT

IF(1TMAX)27Cy270,3C0
TOPa20.0
00 202 I=],N
TOP=AMAX1({TOP,ABS(X(T1)))
EPSX=EPSaTOP
CO 269 IT 1,1TMAX
FIND RESIDUALS
0C 315 I=1,N
RUI)=-DOTINy)AALT+1)4FA4X(1)4]1,-BL1))
FIND INCREMENT
DO 329 Is]1,N
2(1)==SDOT(I-1,ACT,41)4MA,Z(1)s1s=R(1})
DO 339 K=),N
1=NP1~K
DX(I)=~SDOT(N-T,A(T,I+1),NMA,DX(2¢1),1,=2(1)1/ALI,1)
INCREMENT AND TEST CCNVERGENCE
ToP=C.C
DO 342 I=l,4N
TEMP=X(1I)
X(I)=CAD(X{IY,DX(I))
CELX=ABS (X(I}-TEMVMP)
TOP=AMAXL(TQOP,DELX)
CONTINUE
IF(TOP-EPSX)381,3€1,365
CONTINUE
iT=0
RETURN

RESTORE A AND 8

CONTINUE
DO 709 K=1.,N
IaNP 1-K
IP=IRPIT)
IF(I-1P)7CL,709,7C1
TEMP2B({1)
Bl1)=Bi{1IP)
8({IP)=TEMP
DO 7C2 J=1,N
TEMP=AA(T,J)
AA(I.J)=AALIP,Y)
AA(IP,J)=TEMP
CONTINUE
€O 726 I=l N
B(I)=B(I)/RM(I)
00 729 J=1,4N




- U3 -

014L02
SoLv - EFN SCLRCE STATEMENT - IFM(S)

AlT1,3)8AA(T4J)/RM{T)
729 CONTINUE

RETURN
ENC

"$IBFTC LOG CECK

INTEGER FUNCTION ILOG2{2)
#ILOG2+« ROLTINE FOR LSE WITH RCUTINE SCLVE

OO

ILCG2=C
IF {Z.NE.C.) GC Y0 12
RETURN
1 ILOG2sAINT{2.222CeALCG10(ABS(Z)))
RETURN
END

USRI |
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$ IBMAP DOT, B4

» DOT AND FRIENDS ROUTINES FOR USE WITH SOLVE
ENTRY DOT (N, ACL),MA,B(1),MB,C) DJUBLE INNER PRODUCT
ENTRY SOOT (N,AL1},MA,BL1),MB,C) INNER PRODUCT
ENTRY 1L0G2Z (A) FLOATING POINT CSXPONENT
ENTRY DAD (AyB) ADD WITH ROUND

SMAD MACRU M STORE NEGATIVE OF AODRESS IN DECREMENT
sus =0100000 COMPLEMENT IF POSITIVE
ALS 18
STD M

ENOM SNAD

DovT SAVE 1:214

STz S
ST12 S+l
CLAs 844 C
LDQ Cel
ST0 C
CLAs 3.4 N
TlE NONE SKIP LOOP IF N = O
STO N
CLA 6.4 SASE ADDRESS OF a
PAC »1 X1=-(BASE OF A)
CLA» 594 MA
SNAD MA
CLA Gt BASE ADDRESS QOF 8
PAC 2 X2=~({BASE OF B)
ClLA» T MB
SNAD MB
LXA Nyt X4=N
LaooP LDQ 0.1 All)
FMp 0,2 8ll)
DOFAD S
DsST S
MA TXI s+lyl,ne (X1)=(X1)+MA
M8 TXI 2+],2,%e {X2)=(X2)+MB
TIX LOOP, 4y 1 END OF MAIN LOOP

NONE DF AD C




sDOY

stooe

SMaA
Y ): ]
SNONE

1L0G2

CAD

FRN
RETURN

SAVE

STZ
CLA®
STO
CLAs
TZE
STO
CLA
PAC
CLAs
SNAD

cLA
PAC
CLA+
SNAD
LXA
LDQ
FMp
FaD
$TO
X}
X1
TiX
FAD
RETL N

CAL»
ANA

sus
ARS
TRA

CLAs
FADa
FRN
TRA

EVEN

- hs -
07/13767

nov

14254

634

»2

Tr6

SHB

Ne &

0,1

0,2

S

S
#+ly)l 0%
"4l 2,08
SLOOP& 1
C

SDOT

344
=0377000000000

=0200000000000
27
| L

344
4p4

1,4
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*LDIR
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Fig1.Coordinate sys!ém for arbitrary Van Atia array.
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Fig2. The VYan Atta principle (retrodirective efiect)
The paths ABCD and AB'CD' are cqual.
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Fig3. The specular reflection (mirror é_ffect);

The paths ABC and A'B'C’ are equal.
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Fig 4. Square van Atta reflector with conducting plate.




-=--Sharps experimental re‘sults
- Theoretical results
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Fig.5. Normalized back-scattering cross section
of 16element square Van Atta reflector
with coﬁducting plate.
a=0.412 ,d=0.6A, h=0,25)\,Z,=730hms,
9:0’, v=80"
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-u._Bnndwith properties.
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b.Measure M of the retrodirective effect.

Fig.7. 16 element square Van Aita reflector without plate.
a=0,41), ,d=0,67, ,Z,.=730hms
dipole length=0,5X, , dipole radius = 0,015,
ﬁ:Oo, v=90°




i+ AP v

e e R AT 1

a. Bandwith properties.

%

80/

40\‘./\/\._./“ﬁ'\

d& o086 08 10 12 14 16 ’.Q/A

b.Measure M of the retrodirective effect.

Fig8.16 element square- Van Atta reflector with plate.

asz0,41A, ,d=0,6 A, ,h=0,25X, , Z, =73 0hms
dipole lergth=052, , dipole radius=0,015 A,
¢i=0° v=90°
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